The first gene associated with Crohn disease (CD) has been identified as CARD15 (16q12). Three variants, R702W, G908R and 1007fsinsC are strongly and independently associated with the disease. A second gene, conveying a smaller risk for inflammatory bowel disease (IBD), has been identified as DLG5 (10q23). We assess the frequency of the CARD15 SNPs and of the R30Q mutation in DLG5 and their contribution to the development of CD in a cohort of unrelated IBD patients (151 CD, 325 ulcerative colitis (UC)) and healthy controls (236) from South-east Norway (IBSEN cohort). Genotype-based tests of population differentiation using 23 SNPs across CARD15, together with estimates of F ST , indicated that the German and Norwegian background populations could be differentiated at the CARD15 locus. The Norwegian and German CD samples exhibited particularly strong differentiation at the three predisposing loci and those marking their background haplotype. There were significantly lower frequencies of the CARD15 SNPs and no significant association with CD in the Norwegian samples. Only a marginal association was observed for the subphenotypes ileitis and ileocolitis vs colitis (P ¼ 0.048). The population attributable risk percentage (PAR%) for CARD15 variants in the Norwegian cohort is the lowest reported for a European population (1.88%), except Iceland. Similarly, the DLG5 variant showed no association with CD or IBD, however, there was a negative correlation with stricture (P ¼ 0.035). The present results are consistent with an emerging pattern of a low frequency of the CARD15 variants in Northern countries where the prevalence of IBD is greatest.
Introduction
Crohn disease (CD (MIM 266600)) and ulcerative colitis (UC (MIM 191390)) are the two major forms of idiopathic inflammatory bowel diseases (IBD). The current estimated prevalence in North Western countries is 40 -250/100 000 individuals, with the highest reported incidence in Scandinavia 1 -4 and mid-western Canada. The etiology of IBD is still largely unknown but is believed to reflect the interaction of a multifactorial genetic component, confirmed by consistent evidence of familial clustering, 5 an increased concordance of the IBD phenotype in monozygotic twins 6, 7 and consistently positive results from genetic linkage studies, and environmental factors. 8 The first gene underlying susceptibility to CD has been identified as CARD15 (Protein: NOD2) (16q12, IBD1). 9 -11 The NOD2 protein is involved in the interaction between monocytes and bacterial peptidoglycans. 12, 13 Three SNPs located the sequence of CARD15 encoding the C-terminal leucine-rich region, two missense mutations C14772T (R702W), G25386C (G908R) and a frame-shift mutation 32629insC (L1007fs) creating a truncated protein, are strongly and independently associated with CD susceptibility in central European white populations. These three SNPs never occur in cis, that is on the same haplotype but share a common background haplotype that is partially marked by the P268S variant. 14 The overall frequencies of the three mutant alleles in Caucasian CD populations (European and North American) 9 -11,15 -19 range from 19.1 to 29%; while lower frequencies have been found in African-Americans. 20 None of these mutations have been found in Asian IBD populations (Japanese, 21 Korean, 14 Chinese 22 ). Recently, studies on CD patients from Finland, 23 Ireland, 24, 25 Scotland 25 and
Iceland 26 have indicated a low frequency of the three mutations in these populations. Considerable variation in frequencies at loci associated with complex disorders among European populations, in particular when these differences are observed in patient samples, may have important implications for the replication of association studies and the clinical impact of the loci in question. A second IBD susceptibility gene has been recently identified as DLG5 (10q23). 27 This gene encodes a scaffolding protein that is believed to be involved in the maintenance of epithelial cell integrity. 28 It has been suggested that DLG5, which is a binding partner of vinexin, may play a role in cell -cell contact 29 and that mutations in this gene may therefore be involved in defects of the intestinal epithelial barrier function. Such defects are known to be a feature of IBD. In contrast to CARD15, DLG5 conveys a much smaller risk with odds ratios (OR) around 1.5 in two independent studies (in comparison with about 40 for CARD15). 27 -30 While the positional information cannot be clearly resolved on the level of coding SNPs, the variant G113A, resulting in the amino-acid substitution R30Q, has been suggested as potentially causative for both CD and IBD (CD plus UC).
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Until now little is known about the genetic background of IBD in the high incidence population of Norway. Given the heterogeneity in allele frequencies reported for CARD15 variants in different European populations, we decided to examine the frequencies of 23 well-studied SNPs in the CARD15 gene in a thoroughly characterized Norwegian, population-based incidence cohort and to contrast these with a long-established German CD cohort. 11, 14, 31 We tested the ability of these SNPs to act as markers of population differentiation between the German and Norwegian disease and control (background) populations and assessed the impact and risk conferred by the disease associated SNPs C14772T (R702W), G25386C (G908R) and 32629insC (1007fsinsC) in the Norwegian population. For comparison, the frequency of DLG5 R30Q is also examined and tested for association with IBD, CD and UC. The contribution of CARD15 and DLG5 variants to the localization and behavior of CD in the Norwegian cohort of 476 unrelated IBD patients (the IBSEN cohort) and 236 healthy controls 1 is briefly examined.
Patients and methods

Study population
A cohort of 476 unrelated, consecutive, newly diagnosed IBD patients (CD: n ¼ 151, 31.7%; UC: n ¼ 325, 68.3%) from South-east Norway was studied. The patients were registered prospectively from a well-defined geographical area between January 1, 1990 and December 31, 1994 and therefore a follow-up of at least 10 years was available for all patients. 1, 32 All patients were seen by IBD specialists and the diagnosis was based on standard clinical, radiological, endoscopic and histological criteria. 33 Unrelated healthy, age-and sex-matched controls (n ¼ 236) were recruited from the blood donor system of the same geographic region as the disease cohort. A small subgroup of CD patients (n ¼ 55) from the Norwegian cohort presented in this study has been included in a previous analysis. 31 The following demographic and clinical characteristics were recorded for all the patients (Table 1) : gender, age at inclusion and history of familial IBD (first-degree relative affected). For the CD patients the following characteristics were recorded, according to the Vienna Classification 34 :
disease localization at its maximal extent (terminal ileum, ileo colon, colon, upper GI) and disease behavior (inflammatory, stricturing, penetrating). For the UC patients, disease extent was recorded (extensive colitis (disease extending beyond splenic flexure), left side colitis, procto-sigmoiditis and proctitis). All patients gave informed consent to participate in the genetic study. The German comparison cohort consisted of 462 unrelated IBD patients (CD: n ¼ 309, 66%; UC: n ¼ 153, 33%), recruited through the German Crohn's and Colitis Foundation and the Competence Network 'Inflammatory Bowel Disease' (coordinated at Christian-Albrechts University, Kiel, Germany), plus 540 German unrelated, matched healthy controls, recruited through the Department of Transfusion Medicine at Kiel University. The German samples used in the present paper form a subset of those previously published in association with DLG5 and CARD15.
Sequencing and genotyping DNA was extracted using standard techniques (guanidinedetergent lysis) from EDTA blood and dispensed into 96-well plates (20 ng/well). The coding exons (2 -12) of the CARD15 gene were screened for novel mutations by direct genomic sequencing in 90 Norwegian CD patients as previously described.
14 All CARD15 SNPs (Table 2 ) and DLG5 R30Q (rs1248696) were genotyped using TaqMan technology on an ABI 7700 Sequence Detector (Applied Biosystems, Foster City, CA, USA) as previously described.
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Statistical analyses Each marker was tested to ensure Hardy -Weinberg equilibrium in the control populations using a w 2 -test. Each of the 23 markers were then tested for their ability to distinguish between the German and Norwegian controls and between the German and Norwegian cases using 10 000 genotype permutations as implemented by FSTAT. 
Marker position is counted from the A of the ATG initiator codon. The four nonsynonymous variants are bold underlined.
CARD15, DLG5 variation in German and Norwegian CD V Medici et al degrees of freedom using either a w 2 -test or Fisher's exact test as appropriate. OR were calculated by pooling carriers of the rare (predisposing) allele into a single genotype class and confidence intervals (CI) calculated using SISA. 37 The population attributable risk percentage (PAR%) was calculated as the attributable risk percentage (AR%) multiplied by the proportion of exposed cases, where AR% was estimated from the OR, assuming that the exposure of the control population to the disease-associated variant reflects the true prevalence of the variant in the general population.
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Results
Mutation detection in CARD15
The coding exons (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) and intron -exon boundaries were sequenced in 90 Norwegian CD patients. We confirmed the presence of the following SNPs: SNP5, SNP6, SNP7, SNP8, SNP9, SNP12 and SNP13 (all named according to Hugot et al 9 ); rs2067085 (intron 8),
(A611A) and C þ 2264T (A755V) (exon 4) and G þ 2863A (V955I) (exon 9). 17 The other rare mutations identified by
Lesage et al 17 were not detected. SNP numbering is from to the ATG.
Frequencies of the CARD15 SNPs in the two populations The 23 SNPs in the CARD15 gene that were genotyped are detailed in Table 2 . For population comparisons these SNPs were genotyped in 79 CD patients and the 236 healthy controls from Norway. Only the four nonsynonymous markers C13470T (P268S), C14772T (R702W), G25386C (G908R), 32629insC (L1007fs) plus G-21889A were then genotyped in the remainder of the Norwegian IBD cohort (n ¼ 476). All German samples had been previously genotyped for these 23 markers. Table 3 ).
When the Norwegian CD sample and the German CD sample are compared (Table 3 ) a number of markers exhibit a dramatic increase in F ST and highly significant tests of population differentiation at the genotype level. All of these markers have F ST values well in excess of 0.01 and either correspond to the known CD predisposing mutations or broadly tag the background haplotype as defined in Croucher et al.
14 Close inspection of the allele frequencies in Table 3 indicates that these differences result from the dramatic increase in the rare allele frequencies of these SNPs (ie of the disease-associated haplotypes) in the German cases, whereas only minor differences in allele frequencies are observed between the Norwegian cases and controls. Indeed, the C14772T (R702W) and G25386C (G908R) polymorphisms have essentially identical allele frequencies in the Norwegian controls and cases. Consequently, the CD-associated markers all occur at substantially lower frequencies in the Norwegian CD cases compared with the German CD cases (C14772T (R702W) T allele: 0.024 vs 0.095, P allele o0.001; G25386C (G908R) C allele: 0.010 vs 0.049, P allele ¼ 0.005; 32629insC (L1007fs) C insertion: 0.030 vs 0.162, P allele 50.001). When all 23 markers are considered they are clearly able to distinguish between the Norwegian and German CD samples (P 'multi-locus genotype' ¼ 0.002, P 'singlelocus haplotype' o0.001; Table 3 ). For the majority of the CARD15 SNPs only 79 individuals were genotyped, if the sample size had been larger then it is likely that an even greater differentiation would be detected between the Norwegian and German CD populations.
CARD15 and disease susceptibility
The four nonsynonymous CARD15 SNPs were examined for association with susceptibility to CD in the Norwegian cohort using a case -control approach. Table 4 shows the P-values for the genotype frequency comparisons and gives the OR and CI for carriership of the rare (predisposing) allele at each of these markers, for both the Norwegian 
DLG5 R30Q and disease behavior and localization
Despite the low frequency and the apparent lack of association of this variant, the potential influence of DLG5 R30Q on disease behavior and localization in CD patients was examined in the same manner as was carried out for the CARD15 variants. CD patients with a colonic disease localization included a higher frequency of heterozygous carriers of the A-allele compared to those with an ileal presentation, but this difference was not significant (26.00 vs 17.65%, P ¼ 0.248, OR ¼ 1.64 (CI 0.71 -3.81)). Compared to the simple inflammatory category, patients with stricturing disease exhibited a slightly higher carriership of the DLG5 R30Q A-allele but this difference was not significant (30.00 vs 25.29%, P ¼ 0.665, OR ¼ 1.27 (CI 0.43 -3.70)). However, compared to the inflammatory category, stricturing disease showed a negative correlation with carriership of the A-allele (6.45 vs 25.29%, P ¼ 0.035, OR ¼ 0.20 (CI 0.04 -0.92)). The original publication describing the association of DLG5 with IBD 27 suggested a potential interaction between the two genes because a significantly greater transmission of the DLG5 R30Q A-allele was observed in CD trios carrying the CARD15 risk variants compared with those not carrying the CARD15 risk variants. Among the Norwegian CD patients carrying a CARD15 mutation, 20% (three out of 15) also carried the DLG5 R30Q A-allele, compared with 15.79% (three out of 19) of controls carrying a CARD15 mutation. Similar values were observed in individuals not carrying a CARD15 mutation with the carriership of the DLG5 R30Q A-allele being 22.61% in CD patients and 21.50% in controls. Sample sizes are too small CARD15, DLG5 variation in German and Norwegian CD V Medici et al to establish whether the differences observed in patients carrying a CARD15 mutation is meaningful (P40.05).
Discussion
Following the identification of CARD15 as the first gene conferring susceptibility to CD in 2001 9 -11 many studies have confirmed the association of the C14772T (R702W), G25386C (G908R) and 32629insC (1007fsinsC) variants with the development of CD and their contribution to ileal localization of the disease in populations from Europe and North America (Caucasian origin) (eg Hugot et al, 9 Ogura et al, 10 Vermeire et al, 15 Cuthbert et al, 16 Lesage et al, 17 Abreu et al, 18 Ahmad et al 19 to a high degree of heterogeneity between ethnically divergent populations. This pattern is consistent with the rarity and therefore probably recent ancestry of these mutations. 14, 40 However, significant heterogeneity in the frequencies of these variants has also been observed within Europe. A North-South gradient in allele frequencies is observed in CD patients, with northern European populations exhibiting the lowest frequencies (eg for the 1007fs variant: Finnish 4.8%, 23 Icelandic 0%, 26 Scottish 4.6% and Irish 3.0% 25 ) and Southern European populations exhibiting the highest frequencies (eg for the 1007fs variant: Italian 9% 41 and Spanish 14.2% 42 ). Two aspects are striking about this observation. First, the opposite gradient has been well documented for the prevalence of IBD, with the Scandinavian countries having the highest incidence of IBD. 4 Second, although there is some variation in the frequencies of these variants in the respective control populations these differences are largely confined to the CD samples and would therefore appear to represent real differences in the population attributable risk of the CARD15 variants. Table 4 . Results achieving statistical significance for a distinction between cases and controls are shown in bold.
CARD15, DLG5 variation in German and Norwegian CD V Medici et al
For a concise summary of the frequencies of these variants in the literature see Arnott et al 25 and Economou et al.
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The results presented here add to this pattern. The frequencies of the three CD-associated CARD15 variants were examined in a Norwegian cohort, consisting of 236 healthy controls and 476 sporadic IBD patients (151 patients with CD). The Norwegian cohort was contrasted with a well-studied German cohort consisting of 540 healthy controls and 309 sporadic CD cases. An additional 20 SNPs in the CARD15 gene were also examined. Some differences in allele frequencies were evident when comparing the German and Norwegian control populations and taken together these 23 markers were able to differentiate the German and Norwegian populations in genotype-based tests of population differentiation (P 'multilocus genotype' ¼ 0.0013, P 'single-locus haplotype' o0.001; Table 3 ). However, major differences were then observed between the Norwegian and German patients with CD. Compared with the controls, the German cases exhibited significantly higher frequencies of the rare alleles at the three CDassociated CARD15 variants and also in those marking the background haplotype that carries these variants -in agreement with the known CD association in this cohort. With the exception of 32629insC (L1007fs) (which doubled in frequency from 1.5% in the controls to 3.0% in the cases) there was little change in the allele frequencies between the Norwegian controls and cases (Table 3 ) and no association with CD was evident ( Table 4 ). The PAR% for carriership of the CARD15-CD predisposing alleles was only 1.88%. This value is the lowest so far reported for a European population (with the exception of the Icelandic population which has none of these variants 26 ) and indicates a very minor contribution of CARD15 mutations to CD in the Norwegian population. The lowest PAR% previously reported was 11.0% for the Scottish population. 25 The studies of Hugot et al reflected a PAR% of 33.2%. 9, 25 The increased frequency of the G25386C (G908R) variant in UC patients compared with healthy controls, observed in the Scottish population described by Arnott et al, 25 was not seen in the present cohort.
An examination of an SNP in another gene that has been associated with IBD, DLG5 G113A (R30Q), surprisingly exhibited exactly the same pattern as CARD15 with no association evident in the Norwegian cohort and essentially no associated risk. This SNP tags a haplotype that was found to be significantly overtransmitted in TDT analyses performed on German multiplex families and trios. This association was corroborated in an independent casecontrol analysis of 525 German CD cases and 515 healthy controls. 27 Therefore, the lack of contribution of CARD15
to the genetic risk for CD in Norway is unlikely to make up by this other variant. Interestingly, the Scottish population also shows no association with this variant 44 yet exhibits similar allele frequencies to the Norwegian cases and control and the German controls (11.4% in IBD and 13.2% in healthy controls). However, it appears that age and sex distribution could be major confounders obscuring a disease-specific effect. 46 -49 In addition, a stronger association with pediatric IBD has been suggested with association signals for DLG5 R30Q being detected in the Scottish population too. 49 Therefore, use of tightly ageand sex-matched samples appears of importance in addition to a putative heterogeneity between populations. 50 It will be interesting to see if a similar gradient in allele frequencies in Europe is seen for DLG5 as is seen for CARD15.
It may be argued that the Norwegian cohort analyzed here was relatively small and therefore underpowered to detect an association at the CARD15 and DLG5 loci. This is indeed true, the power to detect an association between the CARD15 32629insC (L1007fs) variant and CD in this sample (at a relative risk of 1.8 (carriership) and a risk factor frequency of 22%) is only about 70% and far less for the other variants. Also, it should be noted that the 95% CI of the OR calculated for the Norwegian CARD15 variants are broad and that those for R702W and 1007fs overlap the OR estimates for the German population. CARD15 may play a significant role in Norwegian CD susceptibility, however, in the present study sample both the CARD15 and the DLG5 variants appear to be of relatively minor impact. Furthermore, the Norwegian CD population did not differ substantially from the German CD population in terms of its clinical composition in the most relevant traits; although a strict comparison is difficult. Both cohorts exhibited similar proportions of patients with stricturing or fistulating complications (Norway: 78.8%; Germany: 80.6%) and ilieal involvement (Norway: 59.6%; Germany: 74.4%). It seems unlikely that any such differences would be sufficient to generate that dramatic differences observed here.
Consequently, although there can be little doubt that the CARD15 variants C14772T (R702W), G25386C (G908R) and 32629insC (1007fsinsC), and also variants in the DLG5 gene, represent major risk factors for the development of IBD (in particular CD), this risk appears to be highly population specific. That the risk associated with particular genetic loci varies dramatically between ethnically distinct groups (eg the fact that CARD15 is a risk factor in Caucasians but not Asians) is perhaps not surprising given the complex genetic etiology of a common disease such as IBD. That the risk varies so dramatically between ethnically similar populations (ie within Europeans) is of major importance. First, much of the confidence that is assigned to studies of genetic association in complex disorders is determined by the gold standard of replication in independent populations. Our study, albeit of modest sample size, fails to replicate the association between IBD (CD) and either CARD15 or DLG5. However, a rudimentary analysis of disease localization and behavior does indicate the CARD15, DLG5 variation in German and Norwegian CD V Medici et al expected associations with the variants in these genes (ileal disease and stricture 43 for CARD15 and general inflammation/lack of stricture for DLG5). Although the PAR% for the CARD15 variants is high (around 30%) in many populations studied, the low PAR% for CD in northern populations, where the prevalence of the disease is highest, brings into question the direct clinical relevance of these mutations. Marsh and McLeod 45 have suggested that the frequencies of the CARD15 variants that they observed in healthy populations of Caucasian, African and Asian descent, with the variants being rarer in Africans than Caucasians and absent in Asians, might to some extent contribute to the different incidences of CD in these populations. The European picture suggests that this may not be the case since CARD15-associated risk in Europe is broadly negatively correlated with the incidence of CD.
Other loci and environmental factors might have a greater influence on northern European populations. Therefore, until the demographics and biology of CARD15 and other predisposing loci and their interactions in the etiology of IBD are better understood we should approach the clinical interpretation of these variants cautiously.
